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SCO7518 is a protein of unknown function from Streptomyces coelicolor A3(2) that has been classi-
ﬁed into the TetR transcriptional regulator family. In this study, a crystal structure of SCO7518 was
determined at 2.29 Å resolution. The structure is a homodimer of protomers that comprise an N-ter-
minal DNA-binding domain and a C-terminal dimerization and regulatory domain, and possess a
putative ligand-binding cavity. Genomic systematic evolution of ligands by exponential enrichment
and electrophoretic mobility shift assays revealed that SCO7518 speciﬁcally binds to an operator
sequence located upstream of the sco7519 gene, which encodes a maltose O-acetyltransferase. These
results suggest that SCO7518 is a transcriptional repressor of sco7519 expression.
Structured summary of protein interactions:
SCO7518 and SCO7518 bind by x-ray crystallography (View interaction)
 2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction predicted genes) than the genome of the simple eukaryote Saccha-Streptomyces are ubiquitous soil bacteria that have the ability to
produce a wide variety of beneﬁcial secondary metabolites. More
than 70% of clinically useful antibiotics, as well as many anticancer
agents and other therapeutics, have been discovered from Strepto-
myces species [1]. The Streptomyces genus is extraordinarily impor-
tant in a wide range of life sciences and medical ﬁelds. Its
secondary metabolites are also useful in agricultural and industrial
applications. The genetics of Streptomyces coelicolor A3(2) are
among the best understood in the Streptomyces genus, so S. coeli-
color is acknowledged as a model actinomycete. The complete gen-
ome sequence of the linear chromosome was determined in 2002
[2]. It contains a markedly larger number of putative genes (7825romyces cerevisiae (6607 predicted genes). In particular, an anoma-
lous proportion of transcriptional regulator genes (965 predicted
genes) were found in the S. coelicolor genome. Although these tran-
scriptional regulators are expected to play important roles in
adapting to environmental change and/or in controlling the pro-
duction of antibiotics [3,4], the precise biological function of a large
proportion of the regulators has not yet been identiﬁed.
An increasing number of transcription factors have been charac-
terized in recent years, including a number of them from S. coeli-
color A3(2). The technique known as genomic systematic
evolution of ligands by exponential enrichment (gSELEX) enables
the rapid identiﬁcation of a DNA sequence speciﬁcally bound to a
transcription factor [5]. The gSELEX method, like its archetype
SELEX, involves iterative rounds of binding, selection, and ampliﬁ-
cation of genomic DNA fragments [6]. These two methods differ in
the library used. The original SELEX uses synthetic DNA fragments
of random sequence, whereas gSELEX uses a library derived from
the genomic DNA of a selected organism. Therefore, the gSELEX
method directly identiﬁes binding site(s) on genomic DNA. When
combined with structural analysis using X-ray crystallography,
4312 T. Hayashi et al. / FEBS Letters 588 (2014) 4311–4318gSELEX analysis works as an effective method for the identiﬁcation
of the biological function of uncharacterized transcription factors.
The gene sco7518 encodes a putative TetR family transcriptional
repressor; this family is widely distributed among bacteria [7].
TetR family members commonly comprise an N-terminal DNA-
binding domain (N-DBD), which contains a helix-turn-helix motif
(HTH), and a C-terminal dimerization and regulatory domain
(C-DRD). Because each C-DRD speciﬁcally recognizes its own ligand
molecule(s), the amino acid sequence conservation in C-DRD is
lower than that in N-DBD. In the absence of the ligand molecule,
N-DBD speciﬁcally binds to the operator sequence of the target
gene. However, once the ligand molecule is recognized by the
ligand-binding cavity of C-DRD, a marked conformational change
results in a drastic decrease in the repressor’s afﬁnity for DNA. Con-
sequently, the TetR family transcriptional repressor dissociates
from the operator sequence, which activates gene transcription
[7,8]. An allosteric mechanism was proposed to explain the change
in DNA-binding afﬁnity. N-DBD in the ligand-free form possesses
enough ﬂexibility to adopt a conformation suitable for DNA-bind-
ing. However, once a signal molecule binds, an allosteric transition
alters the ﬂexible N-DBD, causing it to become more rigid. There-
fore, the DNA-binding helices of N-DBD are ﬁxed in a conformation
incapable of DNA binding [8,9]. The S. coelicolor A3(2) genome con-
tains 122 genes encoding putative TetR family transcriptional reg-
ulators [2]. Most of their functions have not been elucidated,
although the function of these uncharacterized transcriptional reg-
ulators may have great importance for medical, agricultural, and
industrial development, as well as for elucidating Streptomyces
transcriptional regulatory networks.
In this study, we determined the crystal structure of SCO7518, a
putative TetR family transcriptional regulator, and determined the
DNA binding properties using gSELEX. The results indicated that
SCO7518 regulates the expression of sco7519, an adjacent gene,
which encodes a maltose O-acetyltransferase.Table 1
X-ray data collection and reﬁnement statistics.
Data collection
Resolution (Å)a 50–2.21 (2.29–2.21)
Wavelength (Å) 2.29
Rsym (%)a,b 6.3 (29.8)
Completeness (%)a 99.7 (99.1)
Unique reﬂections 38773
Averaged I/r (I) 23.4 (6.24)
Average redundancya 14.0 (12.1)
Reﬁnement and model quality
Resolution range (Å) 19.79–2.21
No. of reﬂections in working set 37953
R-factorc 0.218
Rfree-factord 0.247
Total protein atoms 5590
Total water atoms 149
Average B-factor (Å2) 40.7
RMSD bond lengths (Å) 0.007
RMSD bond angles () 1.273
a The values in parentheses refer to data in the highest resolution shell.
b Rsym =
P
h
P
i |Ih,i  <Ih>|/
P
h
P
i |Ih,i|, where <Ih> is the mean intensity of a set of
equivalent reﬂections.
c R-factor =
P
|Fobs  Fcalc|/
P
Fobs, where Fobs and Fcalc are observed and calcu-
lated structure factor amplitudes, respectively.
d Rfree-factor was calculated for R-factor, with a random 10% subset from all
reﬂections.2. Materials and methods
2.1. Protein preparation
Recombinant SCO7518 was prepared as previously described
[10]. In brief, protein was overexpressed using the Rhodococcus ery-
thropolis expression system, in which a His-tag was attached to the
C-terminus. The expressed protein was puriﬁed using a Hi-Trap
chelating HP column (GE Healthcare, Waukesha, WI), followed by
a HiLoad 26/60 Superdex-200pg column (GE Healthcare).
2.2. Crystallization
SCO7518 was dialyzed overnight against 20 mM Tris–HCl, pH
8.0, at 277 K, and then concentrated to 8.7 mg ml1 using an
Amicon Ultra concentrator (Millipore Corp., MA, USA). Crystals
were obtained with 300 mM di-ammonium hydrogen phosphate
and 20% PEG 3350 using the hanging-drop vapor diffusion
method. The crystals grew to approximately 0.4  0.8  0.2 mm
in 2 weeks at 293 K.
2.3. Data collection and structure determination
Single-wavelength anomalous diffraction (SAD) data were col-
lected using a single crystal of SCO7518 under cryogenic condition
(93 K) after soaking in a crystallization buffer containing 26% (v/v)
glycerol. A Rigaku FR-E SuperBright source with a Cr target (wave-
length 2.29 Å; 40 kV, 40 mA) and a Rigaku R-AXIS VII imaging plate
detector were used for data collection. The crystal was mounted by
the capillary-top crystal mounting method [11,12]. The crystalbelonged to the space group P21 with cell dimensions a = 51.3 Å,
b = 101.2 Å, and c = 76.9 Å. Each asymmetric unit contains four
SCO7518 protomers. The diffraction data were indexed, integrated,
and scaled using the HKL2000 program package [13].
The crystal structure of SCO7518 was determined by SAD phas-
ing using two sulfur atoms derived from methionine as anomalous
scatterers. The two sulfur sites were identiﬁed using the programs
SELEXC and SHELXD [13,14] with a HKL2MAP interface [15].
Reﬁnement of the sulfur sites and initial phase determination were
performed using the program SOLVE [16]. Further phase improve-
ments and automatic-model building were performed using
RESOLVE [17,18] and REFMAC5 [19]. Structural reﬁnement was
performed automatically using the Crystallography & NMR System
[20] (CNS) program implemented in the automatic reﬁnement pro-
gram LAFIRE [21]. The stereochemical quality of the ﬁnal reﬁned
model was analyzed using the programs PROCHECK [22] and
WHATIF [23]. The crystallographic parameters and reﬁnement sta-
tistics are summarized in Table 1.
2.4. gSELEX
The gSELEX procedure was performed as previously described
for SCO4008 and SCO5550 [10,24]. In brief, a DNA fragment library
for genomic SELEX experiments was ampliﬁed by polymerase
chain reaction (PCR). The ampliﬁed DNA library was mixed with
Ni2+-nitrilotriacetic acid resin (Novagen, Madison, WI) pre-
adsorbed with 25 lg of puriﬁed SCO7518. After incubation for
5 min at room temperature, the resin was washed, and then the
SCO7518–DNA complex was eluted. The DNA fragments were
extracted from the protein–DNA complex, and then ampliﬁed by
PCR. The PCR products were used as the DNA library for subse-
quent cycles of selection. This process was repeated three times.
Selected DNA fragments were cloned into the pGEM-T Easy vector
(Promega, Madison, WI), and the sequences of the inserted DNA
fragment was analyzed using a DNA sequencer (CEQ 2000; Beck-
man Coulter, Brea, CA).
2.5. Electrophoretic mobility shift assays
Electrophoretic mobility shift assays (EMSAs) were performed
as previously described [10,24]. Fluorescein isothiocyanate
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Sapporo, Japan) were mixed with puriﬁed SCO7518 and 1 lg of
poly(dI-dC)poly(dI-dC) in a total volume of 15 ll binding buffer
(20 mM Tris–HCl, pH 8.0 and 300 mM NaCl). After incubation for
10 min at 298 K, 1 ll of loading buffer (50% (v/v) glycerol and
0.05% (w/v) bromophenol blue) was added, and the mixture was
immediately loaded onto a non-denaturing polyacrylamide gel.
The FITC-labeled DNA fragments in the gel were visualized directly
with a ﬂuorescence imager (Typhoon Trio+; GE Healthcare).
3. Results
3.1. Overall structure and similarity to other TetR family members
The asymmetric unit contains four protomers (protomer A, B, C
and D; each protomer contains 185 residues) and 149 water mol-
ecules [Protein Data Bank (PDB) code: 2dg8], in which protomers
A-D and B-C formed homo-dimers. Due to poor electron density,
the N-terminal region [residues 1–6 (protomer A), 1–7 (protomers
B and D), and 1–8 (protomer C)] and the C-terminal region [resi-
dues 182–185 (protomer A), 184–185 (protomer B), 183–185 (pro-
tomer C), and 181–185 (protomer D)] were not constructed. The
four protomers shared quite a similar structure; superposition of
the main-chain atoms gave an overall root mean squared deviation
of <1.04 Å.
The overall structure of an SCO7518 dimer is shown in Fig. 1.
The dimer forms an X-shaped structure that is typical of the TetR
regulators. Each protomer comprises ten a-helices (a1: ThrlO-
Glu25; a2: Ile27-Arg29; a3: His32-Ala39; a4: Leu43-His49; a5:
Ile53-Ala78; a6: Arg82-Asp99; a7: Glnl01-Argll6; a8: Proll8-
Hisl38; a9: Prol41-Leul60; and a10: Argl67-Thrl78) divided into
two domains: N-DBD and C-DRD. C-DRD contains three a-helices
(a6, a7, and a8) that form a conserved central triangle commonlyFig. 1. Ribbon diagram of a dimeric structure of SCO7518 (protomer A-D). N-DBD is color
yellow. This ﬁgure and the following structural ﬁgures were generated using PyMOL (Dobserved in TetR family proteins [8]. The helices of the central tri-
angle interact with each other mainly through hydrophobic inter-
actions, although a salt bridge was formed between Glul22 in a8
(a80) and Argl62 in a loop connecting a9 and a10 (a90-a100).
Although the overall structures of the four protomers are quite
similar, the a5 helices of the C and D protomers were signiﬁcantly
shorter than those of the other protomers, because the C-terminal
parts of these helices were unfolded (protomer C, Glu74-Ala78;
protomer D, Asp73-Ala78) (Fig. 1).
Database searches were performed using Dali [25] and SSM [26]
to identify the closest structural homologs. The top hits from both
searches included a number of uncharacterized TetR regulators,
including EBRR, SCO1917, Rv3066, RHA1RO04179, MLR4833, and
PA01. Among them, QacR, a multidrug-binding regulator, was the
highest hit for which a function has been characterized. SCO7518
shows high structure similarity to QacR bound with cationic and
lipophilic compounds, such as rhodamine 6G [27], crystal violet
[27], malachite green [28], pentamidine [29], and ethidium [27].
3.2. N-DBD
N-DBD mainly comprised three helices, namely a1, a3, and a4,
as commonly observed in TetR family regulators. In addition,
SCO7518 has a short helix a2 (Fig. 1). Helices a3 and a4 form a
typical helix-turn-helix motif (HTH) with a positively charged sur-
face comprising Arg33, Arg34, and Arg38. This region is likely to
interact with the negatively charged phosphate backbone of the
operator DNA, as observed with other TetR regulators [30,31].
Helix al is located at the interface between the HTH motif and C-
DRD, which stabilizes the relative orientation of these domains.
Residues located in these helices (Ile14, Ile35, Ala36, Ala39,
Val41, Met46, Phe50, and Leu56) formed a hydrophobic core, and
are well conserved among the TetR family, except for Met46. Theed red, and C-DRD is colored blue. The putative ligand-binding cavities are shown in
eLano Scientiﬁc LLC).
Fig. 2. Ligand-binding cavity. These surface representations of the SCO7518 dimer
(protomers A-D) shown here are rotated approximately 30 to the right, compared
with the view in Fig. 1. N-DBD of subunits A and D is colored red and orange, and C-
DRD is colored blue and cyan. The entrance of the protomer A is indicated with a
yellow circle.
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N-DBD, because it participates in the hydrophobic core, although
the C-terminal part (Phe61-Ala78) belongs to C-DRD. Residues in
the N-terminal part are highly conserved among related proteins,
whereas the C-terminal part is not conserved among family mem-
bers, also suggesting that the N- and C-terminal parts have differ-
ent characteristics.
3.3. C-DRD
C-DRD of SCO7518 comprises ﬁve helices (a6-a10) and the
C-terminal part of a5 (Fig. 1). Helices a6, a7, a8, a9, and a10 are
involved in dimerization, in which helices a7, a9, and a10 form
hydrophobic interaction with their counterparts using Leu104,
Val105, Ala115, Gln146, Ala149, Leu150, Leu156, Leu159, Leu169,
Ala173, and Ile177, as well as polar contacts using Glu109,
Thr112, Arg116, Glu152, His157, Glu172, and Argl76.
TetR family members commonly have ligand-binding cavities in
their C-DRDs [7]. SCO7518 has a large cavity within C-DRD (Fig. 1)
that is approximately 20 Å long and 4 Å in diameter. The volumes
of the cavities in protomers A and D were calculated to be 416.6 Å3
and 381.6 Å3, respectively. Superposition of C-DRD of SCO7518
onto that of QacR indicates that the cavities in SCO7518 overlap
well with the ligand-binding cavities of QacR [26–28], suggesting
that the large cavities are the ligand-binding sites of SCO7518.
The inner surface of each cavity comprises 29 amino acid residues
having various characteristics, including His67, Ile68, Va171,
Phe72, Glu74, His75, Leu92, Glu95, Leu96, Ser97, Glu98, Asp99,
Ser100, Asp103, Leu104, Thr107, Gln108, Tyr111, Thr124, Trp127,
Met128, Ser131, Asp148, Ile151, Glu152, Thr155, Leu156, His1570,
and Leu1600. Furthermore, the ligand-binding cavity is exposed to
the solvent (Fig. 2). Each cavity is connected to that of the other
protomer. The entrance mainly comprises polar amino acid resi-
dues, such as His67, Ala70, Val71, Glu74, His75, Glu95, Asp99,
Ser100, and Asp103. The ligand molecule(s) is likely to pass thor-
ough the polar entrance to access the cavity.
3.4. Identiﬁcation of the genomic DNA-binding site of SCO7518
Most TetR family members are transcriptional repressors that
inhibit the transcription of target genes by directly binding to spe-
ciﬁc operator site(s) in genomic DNA. To identify the operator site
of SCO7518, gSELEX experiment was performed using a genomic
library from S. coelicolor A3(2). After the third cycle of selection,
a single band of DNA fragments was obtained on an agarose gel.
Sequence analysis of the obtained DNA fragments showed that
one speciﬁc DNA fragment was selected. EMSA demonstrated that
the isolated fragment was speciﬁcally bound to SCO7518 (Fig. 3A).
The DNA fragments (SELEX fragments) corresponded to a region
from 8334609 to 8334818 of the S. coelicolor A3(2) genome, which
covers a part of the sco7519 gene and a region upstream of the gene
(Fig. 3B).
The DNA sequence of the SELEX fragment is shown in Fig. 4.
The prokaryotic transcription factors generally bind to the
upstream region of their target genes. To identify the binding
region precisely, an EMSA experiment was conducted using
FITC-labeled DNA fragments. The SELEX fragment was divided
into two regions: a CR SELEX fragment overlapping the Coding
Region of the sco7519 gene (8334609–8334732) and a UR SELEX
fragment corresponding to the Upstream Region (8334733–
8334818) of the sco7519 gene. The binding activity of each of
these fragments was evaluated by EMSA (Fig. 5A). The UR frag-
ment bound to SCO7518 in a concentration-dependent manner,
whereas no binding was observed for the CR fragment. These data
indicate that SCO7518 recognizes a sequence within 86-bp of the
upstream region of sco7519 (Fig. 4).Transcription factors generally recognize palindromic DNA
sequences due to their dimeric structure [32]. The TetR family
members generally bind to an operator site of approximately 16-
bp that contains perfect or imperfect inverted repeat (IR)
sequences [7,8]. The UR fragment contains three 16-bp IR
sequences: IR1, 8334755GCGTACGAACGTACAC8334770; IR2, 8334768CA
CTCCCATGGGGGTC8334783; and IR3, 8334777GGGGGTCGCG
TCGCCC8334792 (Fig. 4) To distinguish among them, EMSA experi-
ments were performed using these three candidate sequences
(Fig. 5B). The IR1 fragment showed a clear band that was shifted
upon titration with SCO7518, whereas no binding was observed
for the other 2 fragments (Fig. 5B). To evaluate the speciﬁcity of
the IR1 binding, the competitive activity versus the SELEX frag-
ment was evaluated (Fig. 5C). The results revealed that SCO7518
gradually dissociated from the SELEX fragment as increasing
amounts of non-labeled IR1 fragment were added (Fig. 5C). These
results indicate that SCO7518 speciﬁcally binds to the IR region
located from 8334755 to 8334770 (Fig. 4). Hereafter, this IR region
will be referred to as the operator recognized by SCO7518.
4. Discussion
Most TetR family members, such as TetR, bind as a dimer to
approximately 16-bp IR sequences [7,8], although some members,
such as QacR [30,33], CgmR [34], and SCO4008 [10], bind to an
approximately 28-bp long region in which two dimers bind simul-
taneously. According to the crystal structures of TetR family mem-
bers in complex with operator DNA, TetR family members
containing a highly conserved tyrosine residue in the middle of
the DNA recognition helix commonly recognize an adenine–thy-
mine separation pair [50-A-Xn-T-30 (n = 7 or 8)] in the operator
Fig. 3. (A) EMSA of SCO7518 with a SELEX fragment. The concentration-dependent binding of SCO7518 to the SELEX fragment is shown with 0.6 pmol of FITC-labeled SELEX
fragment. This EMSA was performed using a non-denaturing 5% polyacrylamide gel. (B) Schematic representation of the gene structure around the binding region identiﬁed
using gSELEX. The chromosomal locations of genes and the gSELEX fragment are shown. The region corresponding to the SELEX fragment is indicated as a gray shadow.
Fig. 4. The DNA sequence of the gSELEX fragment. The coding region of sco7519 (CR SELEX fragment) and the upstream region of sco7519 (UR SELEX fragment) within the
gSELEX fragment are shown as capital letters of italic and regular font, respectively. The translation start site of sco7519 is indicated by a bent arrow. The two opposing arrows
indicate the half-sites of the imperfect inverted repeat sequence (IR); the operator site of SCO7518 (IR1) is shown by a heavy lined arrow. The adenine–thymine separation
pair (50-A-X8-T-30) is boxed.
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that the conserved tyrosine (Tyr48) is located in the putative
DNA recognition helix, and the side chain of Tyr48 is oriented
toward the outside of the protein. Furthermore, the operator of
SCO7518 contains a symmetrical adenine–thymine pattern: 50-A-
X8-T-30 (Fig. 4). Thus, it is plausible that SCO7518 recognizes anA-T separation pair, similarly observed with other TetR family
members. As described above, TetR family members are catego-
rized into two groups by the manner in which they bind DNA;
either one dimmer binds to an IR sequence or two dimers bind
to a DNA fragment simultaneously [10,35,36]. In this study, all of
the EMSA experiments with the SELEX fragment showed only
Fig. 5. (A) EMSAs used to search for the DNA-binding region of SCO7518. The concentration-dependent binding of SCO7518 to SELEX fragments UR and CR was performed
using 0.6 pmol of FITC-labeled UR and CR SELEX fragments. (B) EMSAs used to identify the DNA-binding site of SCO7518. The binding of SCO7518 to synthetic, FITC-
conjugated oligonucleotides IR1, IR2, and IR3 (3 pmol, respectively) was tested. (C) Competition assays comparing the abilities of the IR sequences to compete with the SELEX
fragment for SCO7518 binding. Non-labeled IR sequences were titrated with an FITC-labeled SELEX fragment (0.6 pmol) in complex with SCO7518 (10 pmol). (D) Ligand
screening of SCO7518 by EMSA. SCO7518 (5 pmol) was pre-incubated for 2 min with 100 mM of candidate ligands (glucose, maltose, and acetyl-CoA), and then FITC-labeled
SELEX fragment (0.1 pmol) was added. These EMSAs were performed using non-denaturing 5% (A, C, and D) or 7.5% (B) polyacrylamide gels.
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observations suggest that one SCO7518 dimer speciﬁcally binds
to its operator site.
gSELEX and EMSA revealed that SCO7518 speciﬁcally binds to
sequences upstream of sco7519, suggesting that SCO7518 controls
the expression of SCO7519. Furthermore, the end of sco7518 and
the start of sco7519 are only 10-bp apart (Fig. 3B), suggesting that
SCO7518 regulates both sco7519 and its own gene simultaneously.
The sco7519 gene is predicted to encode a maltose O-acetyltrans-
ferase (MAT) in several genome databases including KEGG, Gen-
eDB, and DOGAN. A putative catalytic site (His 123) and a key
residue of substrate recognition (Vall01) of MAT were also con-
served in SCO7519, suggesting that SCO7519 is MAT. MATs acety-
late glucose and maltose at the C6 position of the non-reducing end
glucosyl moiety using acetyl-CoA [37]. TetR family members fre-
quently recognize a substrate of its target protein as a signaling
molecule [7]. Binding with the signaling molecule causes a marked
decrease in DNA-binding, which triggers a transcription of the tar-
get gene. The effects of MAT substrates on the DNA binding of
SCO7518 were evaluated (Fig. 5D). None of the substrates induced
the dissociation of SCO7518 from the operator DNA. Some TetR
family regulators recognize not only the ligands of their target pro-
teins but also the compounds unrelated to it, e.g., A-factor, SCB1,
and Avenolide [38]. These results suggested that the signaling mol-
ecule binding to SCO7518 is something other than substrates of
MAT. Structures of ﬁve TetR members, TetR [7], QacR [39], ActR
[40], TtgR [41], and CmgR [42], have been determined in complex
with their ligand molecules. TetR and ActR recognize the speciﬁc
ligands, tetracycline and actinorhodin, using speciﬁc amino acid
residues that surround their ligand binding cavities. QacR, TtgR,
and CmgR are multidrug-binding repressors that recognize diverse
hydrophobic drugs at their hydrophobic ligand binding cavities.
The cavity of SCO7518 is amphipathic in nature. Although it is dif-
ﬁcult to identify ligands based on the structural properties of the
cavity, the ligand of SCO7518 may have both aliphatic and hydro-
philic functional groups.
In conclusion, analysis of the crystal structure of SCO7518 and
its genomic DNA-binding sequence suggests that this protein is a
transcriptional repressor involved in regulating the expression of
sco7519, which encodes a maltose O-acetyltransferase, and itself.
Additional experiments are necessary to further the understanding
of the regulatory mechanism of SCO7518, including the identiﬁca-
tion of physiologically relevant ligand molecules and the structural
analysis of the SCO7518–ligand complex.
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